The nearshore zone of western Lake Michigan is poorly characterized both in terms of its fine scale bathymetry and its lakebed characteristics. Difficulties in characterizing the lakebed of this region arise in part because of its patchiness as well as the fact that much of the lakebed is not amenable to conventional sediment sampling 
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ABSTRACT:
The nearshore zone of western Lake Michigan is poorly characterized both in terms of its fine scale bathymetry and its lakebed characteristics. Difficulties in characterizing the lakebed of this region arise in part because of its patchiness as well as the fact that much of the lakebed is not amenable to conventional sediment sampling techniques. With this in mind, high precision bathymetry and the lakebed characteristics of ~17.5 km 2 of the nearshore of western Lake Michigan (near Oak Creek, WI) were mapped using multi-beam and single beam sonar in conjunction with lakebed characterization and surface mapping software. Lakebed features showing nearshore bluff erosion material, glacial scouring, and isolated ridges were revealed in a 1.0 x 1.5 meter resolution map of the survey area. A map of the bottom characteristics, meanwhile, showed a patchwork of four distinct bottom types (area %): mostly rock (12.8%), cobble and sand (21.0%), mostly sand (60.3%), and clay outcrops (5.9%). All predicted bottom types were shown to be accurately characterized by direct observation with an ROV.
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INTRODUCTION:
The nearshore zone (< 40 meters depth) along much of the western shore of Lake
Michigan is characterized by a diverse array of bottom types from cobble and boulder fields, to sand and gravel bottoms, to hard clay banks. These hard grounds, in turn, support a diverse fauna and provide habitat for numerous fish species (Mozley and Howmiller, 1977; .
Surprisingly, little information on this complex habitat currently exists as both detailed information and high-resolution maps of nearshore Lake Michigan are lacking.
The physical relief of this region has generally not been documented beyond that found in navigational charts, which contain only minimal bathymetric information and are insufficient for the analysis of habitat type. Moreover, the nearshore region of western Lake Michigan often does not contain bottom types amenable to conventional sediment sampling techniques. Ekman grabs, ponars, or gravity corers are incapable of operating over significant portions of these lake bottoms, where virtually no penetration by the sampler is possible. However, modern developments in acoustic and positional survey technologies can now provide an extremely accurate picture of bottom structure, relief and habitat type on spatial scales of a meter. Accordingly, in this study, we demonstrate the utility of these techniques for mapping this largely uncharacterized and complex habitat in the Great Lakes.
METHODS:
Study site: Between 5 -11 October 2002, approximately 17.5 km 2 of Lake Michigan lakebed were acoustically surveyed in an area located directly offshore of the WE Energies coal burning power plant in Oak Creek, WI (Figure 1 ). The shoreline of this area is characterized by eroding bluffs and narrow sand beaches and nearshore bottoms that range from bed rock and hard clay outcrops, to cobble and boulder fields, to well sorted gravels, sands and silty sands . Water depths over the surveyed area ranged from 5 to 20 meters. All field survey operations were conducted aboard the RV NEESKAY, which is maintained and operated by the UW System UW-
Milwaukee Great Lakes Wisconsin Aquatic Technology and Environmental Research
(WATER) Institute.
High resolution bathymetry. The bathymetry of the survey area was mapped using a Sea Beam 1180 multi-beam hydrographic survey sonar leased from and operated by L-3 Communication ELAC Nautik, Kiel, Germany. This sonar system employs 126 acoustic beams operating at 180 kHz and a swath width of up to 153° resulting in bottom coverage that is approximately 8 times water depth. The system is fully real-timecompensated for roll, pitch and yaw which assures that each beam hits the lake floor independent of the motion of the ship and that the surveyed area does not oscillate with the roll of the vessel. A more complete technical description of this sonar can be found at the ELAC website (www.elac-nautik.de).
Prior to the survey, a special bracket was fabricated to mount the sonar transducer on the RV NEESKAY to a depth just below the ship's keel. The bracket was rigid enough to hold the transducer spar absolutely still with no strumming while underway. determined what specific lakebed bottom type each cluster represented.
A more detailed discussion of the statistical analysis of acoustic backscatter data can be found in Legendre et al. (2002) , Preston and Kirlin (2003) , and Legendre (2003) .
Mapping. The DTM and QTC lakebed classification data (xyz format) were translated to a grid matrix using Surfer v8.0 (Golden Software, Inc.). The DTM files were gridded using triangulation with linear interpolation -an exact interpolation gridding technique that is optimal for regularly spaced data. The QTC lakebed classification matrix was created using a kriging gridding method. Whereas the first eight dives were made primarily to determine the variety of lakebed bottom types over the survey area and the latter nine dive sites were specifically chosen to explore interesting features and areas that appeared on our preliminary bathymetry and lakebed character maps, all 17 dives were eventually used to corroborate the four lakebed character types identified via the methods described above using acoustic backscatter data. The acoustically derived lakebed classification was also corroborated to some extent by the multi-beam sonar survey. An overlay of the lakebed classification map and the bathymetry map in Figure 5b shows good correlation between distinct classification zones and the physical relief features of the lakebed. Of particular interest are the rocky areas on top of ridges and the clay outcrops in depressed areas.
RESULTS
Percentages of each lakebed character type over the entire 17.5 km 2 survey area were: 60.3% mostly sand, 21.0% cobble and sand, 12.8% mostly rock, and 5.9% clay outcrops. Cobble (rock) was most frequently found near shore. Increasing areas of sand were found away from the lakeshore. In deeper areas of the survey site, clay outcrops were more prominent. The sparse literature available to us generally supports our characterization of the lakebed bottom. Mozley and Howmiller (1977) concluded that much of the western Lake Michigan littoral zone is rocky. The area is underlain by Paleozoic bedrock, probably entirely Silurian at the study site (Foster and Folger 1994) .
The strata are tilted slightly with the western parts of strata slightly elevated relative to eastern parts. This tilt may be responsible for the general bottom shape. Bedrock is exposed at some locations along the western shore. The closest example is at Wind Point just north of Racine (Figure 1a ). There may be some bedrock exposures in the mapped area of Figure 5b , most likely at the ridge cutting through the northern edge of the map and in the southeast corner. However, these could also be deposits of cobble and boulder
(which was what was observed at dive site 9 and 15, Table 1 ). Overlying the bedrock are layers of glacial till that include clays and cobble (Lineback et al. 1971 , Lineback et al 1974 , Wickham et al. 1978 . Sand often overlies the till and the sand in the mapped area must drift to some extent (based on studies in Illinois, Shabica and Pranschke 1994) , but determining exactly how much drift occurs would require repeated mapping. It is likely that there is cobble beneath the sand that may be exposed if the sand drifts significantly.
Areas with mixed sand and cobble showed sand in ridges, frequently with either gravel or what appears to be clay in the troughs.
The value of an increased understanding of lakebed characteristics, even on a basic level such as this, is obvious. Many fauna have specific benthic substrate preferences or requirements , and accurate knowledge of bottom types can be used to construct fairly accurate estimates of community structure, exotic species invasion potential, sensitive hatchery protection zones, and so on. Moreover, repeated mapping of a particular nearshore habitat might very clearly identify the impact of coastal urban and industrial development. Based on these early bottom classification results, further mapping along the western shore of Lake Michigan appears warranted.
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